We identified how plants affected by the human behavior of crushing plants respond and what kind of plants responded sensitively. We investigated Lactuca sativa "Gaesebadak", Syneilesis palmata and Peucedanum japonicum as plants that humans use for edible purposes, and Achyranthes japonica and Bidens bipinnata as wild plants that stick to people's clothes and disperse seed. Plants exposed to human breathing air were compared with those exposed to human breathing air after being crushed. Methyl jasmonate (MeJA), a chemical word, was measured using Syft/MS, which detects real-time VOC, and related genes were analyzed. The amount of MeJA of Syneilesis palmata and Peucedanum japonicum as edible plants was greater than that of non-edible plants that disperse seeds using humans. The amount of MeJA ranged from 0.20 ppb to 0.35 ppb when the control group were not exposed to human breathing air. On the other hand, MeJA decreased after increasing for the first hour in human breathing air. Also, MeJA affected by human breathing after crushing plants was higher than that affected by just human breathing air. Peucedanum japonicum showed the most distinctive difference between the treatment with human breathing after crushing plants and the treatment with just human breathing. In addition, the gene activity of JAR1 and JMT increased 3 hours after the treatment with human breathing after crushing plants. Therefore, in the treatment with human breathing after crushing plants, the concentration of MeJA and the activity of related genes showed the same tendency to increase. As a result, the plant that responded sensitively to human behavior was Peucedanum japonicum. Plants released MeJA as a chemical word in the treatment with human breathing air after crushing plants.
Introduction
Plants emit volatile organic compounds (VOCs) to defend themselves or attract natural enemies when damaged by insects or herbivores (Arimura et al., 2010; Heil and Karban, 2010; Holopainen and Gershenzon, 2010; Kaplan, 2012; von Mérey et al., 2011) . Moreover, plants damaged by insects let other leaves or plants around them to produce defensive secretion (Arimura et al., 2010; Heil and Karban, 2010) . VOC used as a substance to signal other plants around them is referred to as 'chemical word'. VOCs generated by organisms are also referred to as biogenic volatile organic compounds (BVOCs) to distinguish them from environmental pollutants (Loreto and Schnitzler, 2010) . Some BVOCs are used as 'chemical word' for plant-plant or plant-insect communication (Arimura et al., 2010; Engelberth et al., 2014; Heil and Karban, 2010; Zuo et al., 2012) .
When liquid jasmonate is used as the chemical word takes a long time to deliver. Thus, methyl jasmonate (MeJA) with methyl is known to be used for vaporization (Arimura et al., 2010; Tamogami et al., 2008) . MeJA is known as a typical chemical word that delivers information between plants (Arimura et al., 2010; Dar et al., 2015; Heil and Karban, 2010; McConn et al., 1997; Tamogami et al., 2008; Wu et al., 2008; Zhang and Turner, 2008) .
Plants that emit chemical word upon being attacked by herbivores are referred to as emitter plants, and the ones accepting the information and responding are referred to as receiver plants (Arimura et al., 2010; Heil and Karban, 2010) . Those damaged by insects are emitters, and those eavesdropping nearby are receivers. Emitter and receiver plants must be within a short distance, less than 60cm, from each other. They can also communicate between top and bottom of the same plant, with leaves next to them, with the same species nearby, or even with other species (Arimura et al., 2010) . Moreover, communication is more effective within the same plant, and by younger plants (Radhika et al., 2008; Shiojiri and Karban, 2006) . Depending on the species, some plants are good emitters and others are good receivers. The function of chemical word is developed in wild plants that are used as edible plants by humans or that take advantage of humans (Brilli et al., 2019) . Genes known to affect jasmonate signal transduction in Arabidopsis thaliana are JAR1, JMT, COI1 and IHA (Arimura et al., 2005; Koo, 2018; Schilmiller and Howe, 2005; Staswick et al., 2002; Zhang and Turner, 2008) . Therefore, in this study, we examined plants that well respond to the human act of crushing plants and conducted an experiment to analyze related genes. We found that various VOCs generated in the process of crushing plants may affect plants through human breathing. In other words, we had a person actually crush plants and kill them by imitating insect attack and provided breathing air treatment to measure MeJA generated by plants.
Research Methods
Generation of methyl jasmonate (MeJA) due to human behavior of crushing plants
Plant materials
We utilized plants used by humans for edible purposes such as Lactuca sativa "Gaesebadak", Syneilesis palmata, and Peucedanum japonicum, and plants that take advantage of humans to disperse seeds such as Achyranthes japonica and Bidens bipinnata. We seeded the plants used in the experiment in a 105-cell seedling tray with water culture hydroponic sponge inserted. For the growth chamber, we used the VOC-free chamber with a circulation method that pushes the air inside toward the outside so that it is not affected by VOCs generated by humans in the cultivation process. Seedlings cultivated for 30 days on average from the date of sowing were used. The growth chamber maintained the temperature of 20-23℃, relative humidity of approximately 60%, and luminous intensity of 40 ± 2 μmol⋅m -2 ⋅s -1 . For watering, we filled up the watering tray with water once every three days, and top-dressed with liquid fertilizer 20 days after seeding.
Formation of experimental chambers
Experimental chambers were formed using glass, stainless and Teflon materials that do not respond to VOCs.
The volume is approximately 20 L (width 30 cm × length 30 cm × height 25 cm). We placed five experimental chambers in the growth chamber in which temperature, humidity and luminous intensity are regulated and maintained. After each measurement, we opened the door for ventilation to completely remove VOCs left inside and on the surface of the chambers, and wiped the walls of the chamber with distilled water using wool wipes.
Treatment and measurement
To minimize plant stress, we moved the plants from tray to glass container a day before the main measurement. In 
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Plant materials
Arabidopsis thaliana was seeded in the MS culture medium and used in the experiment after 23 days. Five stocks of Arabidopsis thaliana were planted in each culture bottle, and three bottles were placed in each treatment in the chamber. The incubation room conditions were maintained at the constant temperature of 25℃, and the luminous intensity was maintained at 156 ± 2 μmol⋅m -2 ⋅s -1 .
Treatment and plant sample collection
Total six chambers were used. For the control group, the experimenter's breathing air was received before treatment of crushing the plant tissues and injected 1 L each into the three chambers. For the treatment group, the plants were crushed and killed, after which the experimenter's breathing air was received and treated 15 L into each chamber. Samples were collected 3 hours and 24 hours breathing air treatment. The treatment group samples were moved to the Falcon tube (15 mL) and quickly frozen in liquid nitrogen.
RNA extraction and cDNA synthesis
RNA was extracted from the leaves of Arabidopsis thaliana using Trizol (Invitrogen). After treating DNasel (promega) to RNA 10 μg extracted, PrimeScrit RT reagent kit (TaKaRa) was used to synthesize cDNA according to the manufacturer guidelines.
Real-time PCR analysis
The synthesized cDNA is used to perform two-step qPCR, and CFX96 (Bio Rad) was used for real-time PCR.
For amplification response, 10 μl 2x SYBR Premix Ex Taq(SRbiolab), 2 uL primer (finally 500 nM), and 2 uL cDNA are mixed into total amount of 20 μl and responded for 10 seconds at 95℃ in the beginning. The 5-second cycle was performed 45 times at 95℃ and the 30-second cycle at 60℃, conducting qPCR by repeating the process three times per sample. 2^-ΔΔCt method (Livak and Schmittgen, 2001 ) was used to analyze relative normalized expression of each line.
Results and Discussion
We compared the amount of MeJA generated in wild plants used by humans for edible purposes (Syneilesis palmata, Peucedanum japonicum) and wild plants that take advantage of humans to disperse seeds (Achyranthes japonica, Bidens bipinnata) ( Fig. 1 MeJA is known to be a typical aroma substance among chemical words that alert not only oneself but also other plants to generate defensive secretion when damaged by herbivores (Arimura et al., 2010; Heil and Karban, 2010) .
This amount of MeJA generated used as chemical word was higher in the wild plants used by humans for edible purposes (Syneilesis palmata, Peucedanum japonicum) than the wild plants taking advantage of humans (Achyranthes japonica, Bidens bipinnata). In general, species growing in wildlife are known to more sensitively respond to chemical words than species developed by humans, and thus this study used wild vegetable species not developed by humans.
According to Karban et al. (2000) , when clipped sagebrush (Artemisia tridentata) is damaged, it generated 10.8 times more MeJA than the control group without damage, and its surrounding plants generate a great amount of antioxidant enzymes and polyphenol oxidase, thus avoiding attack from herbivores.
We monitored the amount of MeJA generated in the three species of plants used by humans for edible purposes by hour (Fig. 2) . On average, the amount of MeJA generated was from 0.2 ppb to 0.4 ppb. The concentration fluctuated and showed consistent values without much change, but overall it slightly increased over time.
We compared the control group with human breathing air treatment into the chamber containing Peucedanum japonicum and the treatment group with breathing air re-ceived after crushing Peucedanum japonicum (Fig. 3 ).
Small figure only indicated values of MeJA every hour.
In both the control group and treatment group, MeJA concentration increased and then decreased again in 1 hour, but the treatment group showed higher concentration than the control group. The initial concentration was 0.32 and 0.51 ppb in the control group and treatment group, but after 1 hour it increased to 0.33 and 0.61 ppb. Thus, concentration increased by 0.01 ppb in the control group after 1 hour, but by 0.1 ppb in the treatment group, and the The initial MeJA concentration of Lactuca sativa "Gaesebadak" was 0.33 and 0.51 ppb in the control group and treatment group, but after 1 hour it increased to 0.39 and 0.61 ppb (Fig. 4) . Thus, concentration increased by 0.06 ppb in the control group, but by 0.1 ppb in the treatment group. The difference between the two after 1 hour was approximately 0.22 ppb. After 6 hours, the amount was 0.25 and 0.33 ppb in the control group and treatment group.
The initial MeJA concentration of Syneilesis palmata was 0.30 and 0.34 ppb in the control group and treatment group, but after 1 hour it increased to 0.32 and 0.37 ppb ( Fig. 5 ). Thus, concentration increased by 0.02 ppb in the control group and by 0.05 ppb in the treatment group. The difference between the two after 1 hour was approximately 0.03 ppb, which was very small. After 6 hours, the amount was 0.21 and 0.0.28 ppb in the control group and treatment group.
When attacked by herbivores such as insects, plants generate defensive secretion and alert this to other plants (Arimura et al., 2010; Heil and Karban, 2010; Holopainen and Gershenzon, 2010; Kaplan, 2012; von Mérey et al., 2011) . plants showed an increase in relative normalized expression after 3 hours compared to the control group, thereby showing increased activity (Figs. 6 and 7) . However, all of JAR1, JMT, IAH, and COI showed a decrease in relative normalized expression after 24 hours, showing decreased activity (Figs. 6, 7, 8 and 9 ). JAR1 gene showed the relative normalized expression of 1.14 in the control group and 1.63 in the treatment group after 3 hours, showing that it was 0.49 higher in the treatment group (Fig. 6 ). However, the relative normalized expression was 1.70 and 1.19 after 24 hours, showing that it was 0.51 lower in the treatment group. Moreover, JMT gene showed the relative normalized expression of 1.23 in the control group and 3.27 in the treatment group after 3 hours, showing that it was 2.04 higher in the treatment group (Fig. 7) . However, the relative normalized expression was 5.50 and 4.27 after 24 hours, showing that it was 1.23 lower in the treatment group.
IAH gene showed the relative normalized expression of 1.81 in the control group and 1.92 in the treatment group after 3 hours, showing little difference between the two (Fig. 8) . However, the relative normalized expression was 2.09 and 0.86 after 24 hours, showing that it was 1.23 lower in the treatment group. COI1 gene showed the relative normalized expression of 1.93 in the control group and 1.20 in the treatment group after 3 hours, which was 0.73 higher in the control group (Fig. 9 ). Moreover, even after 24 hours, the relative normalized expression was 3.12 and 2.12 and thus 1.00 higher in the control group. In other words, both groups showed a slight increase in relative normalized expression over time.
We intended to not only measure the amount of MeJA generated, which is a chemical word, using Syft/MS, but also analyze the genes involved in MeJA generation and increase reliability of the measures. MeJA generation mostly involves four genes: JAR1, COI1, IAH, and JMT (Koo, 2018; Staswick et al., 2002) . As a result of analyzing these four genes, it was found that JAR1 and JMT best responded to human breathing air (Figs. 6, 7, 8, and 9) . Response to human breathing air before and after crushing the plants increased significantly in JAR1 and JMT after 3 hours.
However, it rather decreased after 24 hours. The amount of MeJA generated measured real-time was highest 1 hour after breathing air treatment (Figs. 2, 3, and 4) .
As a result, real-time amount of MeJA generated and related genes such as JAR1 and JMT showed the same tendency of increase due to breathing air treatment after crushing the plants (Figs. 3, 4, 5, 6, 7, 8, and 9) . Further research is needed on response to plant MeJA generation over time after human breathing air treatment. To prove this assumption, MeJA known as a chemical word was measured on a real-time basis. Moreover, to increase reliability of the measures, genes involved in MeJA generation were analyzed. The results showed that Peucedanum japonicum responded most to human behavior. The amount of MeJA generated was biggest after about 1 hour due to the breathing air received before or after crushing the plants, but it was bigger after crushing the plants. Genes involved in MeJA generation were also analyzed, and the results showed that the genes showing the same tendency as the amount of MeJA generated (greater than the control group) were JAR1 and JMT in the real-time Syft/Mass Spectrometer analysis after crushing the plants. In other words, JAR1 and JMT genes showed higher relative normalized expression in the treatment group than the control group after 3 hours. However, it is necessary to investigate more specific gene responses by hour. This experiment has significance as the first research to determine partial correlation in communication between humans and plants, but many tasks still remain for further research. Fig. 9 . Relative normalized expression of Coronatine Insensitive 1 (COI1) in Arabidopsis thaliana. Plants were placed in the 20L chamber, wounded by crushing (not wounded for control), and exposed to human breaths for 3 or 24 hr. Error bars represent the SE. Fig. 8 . Relative normalized expression of ILR1-like Aminohydrolase (IAH) in Arabidopsis thaliana. Plants were placed in the 20L chamber, wounded by crushing (not wounded for control), and exposed to human breaths for 3 or 24 hr. Error bars represent the SE.
